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6a Saturday, February 2, 2013FG-repeat domains. Also the traffic of integral membrane proteins between the
outer and inner membranes of the nuclear envelope occurs via the NPCs. Two
baker’s yeast proteins, Heh2 and Heh1 (Src1), rely on the transport factor
Kap60 and FG-repeat-proteins for their transport through the NPC1(1,2).
Heh1 and Heh2 feature a high affinity binding site for Kap60, that is spaced
from the transmembrane domain by a 180 or 235 amino acid long intrinsically
disordered linker. A clear relationship between linker length and transport to
the inner membrane was observed while randomizing the amino acid sequence
of the linker had no effect. We proposed that during transport the disordered
linker enables the interactions between the transport factor and FG-Nups by
dodging into the NPC, and extending the transport factor away from the mem-
brane. Ongoing work is aimed at testing the proposed transport mechanism, and
includes studying the relationship between the compositions of the disordered
linker regions, stokes radius, and transport.
1: King MC, Lusk CP, Blobel G. Nature. 2006 442(7106):1003-7.
2: Meinema AC, Laba JK, Hapsari RA, Otten R, Mulder FA, Kralt A, van den
Bogaart G, Lusk CP, Poolman B, Veenhoff LM. Science. 2011 333(6038):90-3.
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Histone tails, which are the terminal segments of the histone proteins, are in-
trinsically disordered proteins (IDPs) that are implicated in a variety of signal-
ing processes controlling chromatin organization and dynamics. Although
a large body of work has been done on elucidating the roles of post-
translational modifications in functional regulation of IDPs, molecular mecha-
nisms behind the observed behaviors are not fully understood. Using extensive
atomistic molecular dynamics simulations, we found in this work that H4 tail
mono-acetylation at LYS-16, which is a key covalent modification, induces
a significant reorganization of the tail’s conformational landscape, inducing
partial ordering and enhancing the propensity for alpha-helical segments. Fur-
thermore, our calculations of the potentials of mean force between the H4 tail
and a DNA fragment indicate that contrary to the expectations based on simple
electrostatic reasoning, the Lys-16 mono-acetylated H4 tail binds to DNA
stronger than the unacetylated protein. Based on these results, we propose a mo-
lecular mechanism for the way Lys-16 acetylation might lead to experimentally
observed disruption of compact chromatin fibers. We also discuss the behavior
of the H4 tail when multiple LYS sites are simulteneously acetylated.
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Linker histones are multi-functional proteins that stabilize higher order chroma-
tin structure and play a direct role in regulating gene expression. However the
mechanism(s) bywhichH1s fulfill these disparate functions is unclear.Metazoan
linker histones (H1s) exibit a three-domain structure including a shortN-terminal
domain, a conserved globular domain and an extended C-terminal domain
(CTD).While the globular domain is responsible for nucleosome-specific recog-
nition and binding, the chromatin-condensing functionality is primarily con-
tained within the CTD. This domain is unstructured in aqueous solution but
peptides derived fromvariousH1CTDs acquire secondary structures in presence
of helix-stabilizing solvents and other conditions thought to mimic the native
chromatin environment.We employed FRET to characterize potential structural
transitions within the CTD upon binding of H1 to nucleosomes and other native
binding targets. Our results indicate a significant condensation of the CTD, con-
sistent with folding of this domain, upon nucleosome binding (Caterino et al.,
2011 MCB 31:2341). Importantly, significant differences in both intra- and
inter-molecular FRET efficiencies indicate that H1 binds in a fundamentally dif-
ferent manner to linear DNA compared to nucleosomes (Fang, Clark and Hayes,
2012NAR40:1475). Likewise,CTDstructure appears distinctwhenH1 is bound
to nucleosomes with oliogonucleosomal arrays, where each nucleosome binding
site is flanked by authentic linker DNA connecting adjacent nucleosomes. These
results support amodel inwhichH1CTDundergoes a disordered->ordered tran-
sition upon binding nucleosomes, DNA, and nucleosome arrays and adopts dis-
tinct structures dependent on the particular macromolecular binding partner.
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DNA in nucleosomes is sterically occluded and nucleosomes must open to
allow full DNA access. This process is significantly influenced by the histone
tails. Thus, here we studied the effect of histone tail modifications by all-atom
MD simulations with 100 ns trajectories of the full nucleosome. We find evi-
dence for an internal allosteric transition at the H2A-H3 interface induced by
the removal of either the H3 or the H2A N-terminal tail. DNA dynamics on
the histone core are studied by a new coarse-grained model; these simulations
show a strong influence of the presence of the histone tails on DNA unwrap-
ping, and an open state that can be stabilized by the displacement of the H3
tail into the gap between the DNA and the histone core.
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Considerable progress has been made recently in our understanding of the
mechanisms of protein folding and aggregation in vitro. Moreover, research
in the last decade has implicated protein misfolding and aggregation in pathol-
ogies, such as Alzheimer’s, Parkinson’s, and other amyloid diseases. It is
clearly important to link our understanding of behaviors of polypeptide chains
in defined media to the successful maintenance of functional, folded proteins
in vivo and the consequences when proteins misbehave. We are tackling this
challenge using as a case study a predominantly b-sheet protein whose in vitro
folding we have explored in detail, cellular retinoic acid binding protein 1
(CRABP1). This talk will briefly review the in vitro folding landscape of
CRABP1 and how it suggests a functional conundrum: functionally important
properties of this protein cause it to be vulnerable to aggregation. A variety of
results point to the existence of a dynamic, near native state on the folding land-
scape of CRABP1 that is required for CRABP1 to bind and release is natural
ligand, retinoic acid, but also puts the protein at risk of aggregation. Next,
we will describe the development of reporter systems to observe folding and
aggregation of CRABP1 and other proteins in cells and what we have learned
about factors that influence in vivo folding and aggregation. Next, this talk will
describe our recent efforts to model the entire network of folding, aggregation,
and chaperone interaction networks in E. coli and how the balance of synthesis
rate, intrinsic folding/unfolding rates, chaperone availability and effectiveness,
and rate of degradation all contribute to the success of folding to the native
state, and if not, the extent to which aggregation will occur in vivo.Subgroup: Membrane Biophysics
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Over 25 years ago G protein inwardly rectifying Kþ (GIRK) channels were the
first effector shown to be activated by the bg subunits of G proteins (Gbg). Per-
fusion of atrial inside-out patches with purified Gbg subunits stimulated chan-
nel activity even when the cells had been treated with pertussis toxin that
functionally uncouples endogenous G proteins from receptor signaling. Fur-
thermore, the lack of stimulation of channel activity by the Ga subunits led
to the proposal that Gbg independently activates GIRK channels (Logothetis
et al., 1987). A decade later it was appreciated that GIRK channels required
the presence of phosphoinositides, such as PIP2, in order to be gated by Gbg
subunits or other gating molecules such as intracellular Naþ or alcohols (Sui
et al., 1998). In the following decade through the present times, crystal struc-
tures of the GIRK channels have been elucidated revealing the architecture
of full-length GIRK channels in the absence or presence of PIP2 (Nishida et
al., 1997; Whorton et al., 2011). Although attempts to obtain structures of
the channels in complex with Gbg have not succeeded thus far, insights on
the sites of Gbg and PIP2 action leading to channel gating are beginning to
emerge. Seeking to provide a more rigorous test of the hypothesis that Gbg
stimulates GIRK channel activity independently of the remaining components
of the system, we have successfully reconstituted the entire G protein signaling
complex with the channel into planar lipid bilayers. To our surprise the signal-
ing complex functioned equivalently in the bilayer as it did in excised patches
only when the entire complex was reconstituted (i.e. receptor, heterotrimeric G
proteins, and GIRK channel). The results obtained in the bilayer system put in
question the hypothesis that Gbg stimulates channel activity independently of
the other components of the signaling complex.
